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KADI0K3TAL LABELLED KOLECULBB SAVING 
IMPROVED BIOLOGICAL PROPERTIES 
AMD METHOD FOR PREPARATION TBERROP 



5 The present invention relates to a convenient 

synthesis of novel bi functional prochalators for coupling 
to bioactive peptides for radiometal labelling and to the 
rediometal labelled peptides that can be prepared while 
using these novel prochelators ♦ 
10 The coupling of chelators to bloaotive peptides 

requires the synthesis of prochelators which are 
compatible with solid and solution phase peptide 
synthesis. 

According to the invention bifunctional * 
15 macrooyclic synthons (prochelators) are provided based on 
DOTA, TRITA r TETA or structures comprising not 4, but 5 
or 6 N atoms, which synthons are differentially protected 
and compatible with solid phase peptide synthesis 
procedures for labeling with hard Lewis acid radlometals. 
20 Starting from a relevant amino acid, the a- 

bromo-derivative thereof is synthesized. This derivative 
is orthogonally protected (tBu, Bzl) . This alkylating 
agent will be reacted with cyclen, eye lam etc* to form a 
111 adduct followed by trie-alkylation with bromoacetic 
25 acid tert-butyl ester and catalytic hydrogenation with 
Hg/Pd. 

The Bynthon is monoreaotive , carrying a free 
car boxy late group for coupling to the N-terminal end of 
the peptide and can be couled to any biomolecule which 
30 after deprotection can be labelled with a multitude of 
radiometals. 

The following pages describe the synthesis of the 
prochelators in more detail. 
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Abstract: New DOTA-based bifunctional prochelators. e.g. l^l-carboxy-3- 
cartx)teitbutoxyprppyI>4^> 10-(carbotertbutoxymettiyl>- 1,4, 7, 10-tetraazacyclodode- 
cane (DOTAGA^Bu)^ (6d) for a broad application m the modification of 
biomolccules with metal ions were prepared. The 5 step synthesis of 6d has an overall 
yield of about 20%. The coupling of 6d to a bioacttvc peptide on solid phase was 
exemplified with use of a CCK-B (cholecystokinin) analogue. 



Table 1: Mono-alkylation yields of 
cyclen with different bromo-dicarboxylic 
acid diesters 



alkyl. agent 


yield 




79% 


3a 






21% 




<5% 


titto 

3d 


83% 



DOTA (lA7,10-tetrakis 
(carboxymethyl)-L,4,7,10 tetraazacyclo 
dodecane) and its derivatives constitute 
an important class of chelators for 
biomedical applications as they 
accomodate very stably a variety of di- 
and bivalent metal ions. Gd(DOTA)" 1 
is an important MRI (Magnetic 
Resonance Imaging) contrast agent and 
as bifunctional versions DOTA is used 
in radioimnnmotherapy 2 . 
An emerging area is the use of chelator 

conjugated bioacdve peptides for 
labeling with radiometals in different 
fields of diagnostic and therapeutic 
nuclear oncology 3 , For their 
convenient and high yield synthesis 
prochelators (compounds which 
become chelators upon deprotection) 
are necessary which are compatible 
with the solid and solution phase 
peptide synthethic procedures. 



Wc describe herein the synthetic steps towards bifunctional orthogonally protected 
prochelators for coupling to the JV~terminu$ of bioactive peptides or other useful 
amino functions in biomedical applications. The DOTA-derived chelator should 
provide 4 intact carboxylic acid functions besides the macrocyclic 
tctraazacyclododecane ring for a stable and efficient binding of metal ions and a 
function for biomolecule coupling. 
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The strategy included the synthesis of an orthogonally 

protected bromo-alkyl-dicarboxylic acid diester for the moooalkylation of cyclcn 
(1,4,7, 10-tetraazacydododecane). High yield monoalkylation of cyclcn was 
demonstrated before 3 ' 4 * 5 . The synthesis of 6 (n=l,2) is a 5 step procedure starting from 
the commercially available aspaitic (lb) or glutamic acid-4-(5) beiucyl ester (Id) 
(Scheme 1) using a method analogeous to Holmberg' followed by ferf-butylation using 
reit-butyltricWoroacetiinidate (TBTA) as reagent 7,8 . 




Scherael : Syti thesis of a-bromosuccinic ariA-l-tertbutylesUr-A^onsyl ester (3b) and a- 
bromoghitaaric acid-l-ter/butyl ester-5-benzy! ester (3d). 

The monoalkylation of cyclen, the crucial step, showed strongly differing yields 
depending on the bromo-alkyt-dicaiboxylic acid diester (3a-d) used (Tablel). In 
earlier studies our strategy was to use metals as protecting groups 0 . In that work we 
attempted to introduce succinic acid-di-ter*-butylesler(3c) and found yields below 5% 
for the monoalkylation with the elimination product ftimaric acid-di-rm-butylester as 
the main product. Interestingly die corresponding diphenylmethyl diester (3a) gave 
high monoalkylation yields and negligible elimination. With the homologous 2- 
bromoglutaric-l»/e/ t /butyl-5-benzyle$ter (3d), no elimination product was found, 
obviously because no conjugated 7i-$y$tem could be formed. The remaining nitrogens 
were alkylated by use of three equivalents of bromoacetic acid-ferrbutyl ester in 
CUCI3/K2CO3. Deprotection of the benzyl ester group was performed with Hj/ Pd/ C 
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Pd/C 

CHjOH.HjO 




a: Rj; R a »Bzh; n=l 
b: Ri^tBu; R^Bn; n=l 
c: R^Rj^tBu; n=l 
d: RrtBu; R 2 =Bn; n=2 
Bzh; diphenylmethyl- 



Scheaid: Synthesis of D0TASA{tBuU6b) and DOTAGA(tBu)46d) 



The overall yield of l-{ l-carboxy-S-carbo/er/butoxypropyl)^,?, 10- 
(carboreributoxyniethyl>l,4J40-tetraazacyclododec^ (DOTAGA(tBu) 4 ) (<d) over 
5 steps was about 20% 10 and of -carboxy-2-caibo/ef rt>ut5xyethyl)-4,7, 10- 
(carborerrbutoxymethyl^l^JJO-tetraazacyclodbdecane (DOTASA(tBu) 4 ) (6b) only 
about 2%, The convenient use of 6d is exemplified by it* coupling to the CCK-B 
analogue D-Asp'Tyr-Nle-Gly-Trp-Nle-Asp-Phe-NHa (7) attached to Rink-amide resin 
using HATU (0-(7-a^abenzotriazol- l^yO^N^N > N'4etrame%luroniiimhexAfluoro- 
phosphate) as coupling reagent. After deproteetion, (18h, it, 
TFA:phenol:thioanisol:water 85:5:5:5) DOTAGA-7 was obtained in high yield 11 and 
showed superior properties in comparison to other radiolabeled CCK-B analogues. 
We conclude that the new prochelator 6d has widespread utility in the field of metallo- 
radiopeptides, other radiolabeled biomolecules and for the synthesis of Gd** based 
MKi contrast agents 9 . DOTAGA will allow to label with different radiometals for both 
diagnostic < m In, ^Oa) and internal radiotherapeutie applications <*>Y> m Lu). 
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8. Typical procedure for the reaction of 1 to 2: To a solution of 6 g (25.9 mmol) L-glutamic acid-5- 
bcnzy1o8tcr(ld) and 9 A g (88,5 mmol) sodium bromide in 45ml aqueous IN hydxobromic acid (46 
mmol) cooled to 0°C was added portionwisc 3. 175 g (46 mmol) sodium nitrite. After stirring for 2h at 
0°C 2.25 ml cooc sulfuric acid was added followed by diethylethcr. The water phase was extracted 3 
times with diethylether. The combined organic phases were extracted 4 times with brine, dried over 
Kla^SO* and concentrated. Tho crude product was purified by chromatography (silica gel £0; 
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hexane/EtOAc 31 to 2:1) and obtained as a yellow oil in a yield of 4.* g (^3%). H-NMR (300 MHz, 
CDCI 3l SiMe*): 10.1 (1H, COOU); 7.3 (m, 5ft Ai); 5.15 (s, 2 H, CHrPh); 4.4 (dd, V * 5.7. 1H. 
CUBr); 2.6 (t, V - 6.8, 2H, QirCOOBxl); 2.5-2.2 (in, 2H, CHBr^CHa-CHa); U C-NMR (75 MHZ, 
CDCU, SiMe4): 174.5 (£OOH); 171.9 (£OOBzl); 135.5 (CHa£(Ar)); 128.6. 128.4, 128.3 (£(Ar)); 
66.8 (0-£H*-Ar); 44.1 (H£Br); 31.4 (HCBr-fiHj); 29.4 (£HiCOOBd; O-MS m/z (intensity): 302, 
300 (12, IMJ*); 91 (100, [Badf). 

Reaction of 2 to 3: To a solution of 4.8 g (1 5.9 mmol) 2d in 20 ml CHCb a solution of 
6.26 ml (34.1ranx)l) TBTA (terf-butyltridilaroacctumdatc) in 20 ml cyclohcxane was added dropwisc 
over 20 min. During the addition a white precipitate formed, which was dissolved by the addition of 
3.5 mi of DMA followed by 320 pj boron trifluoride ethyl etherate as catalyst. The reaction mixture 
was stirred for 3 d at RT. The mixture was concentrated and the remaining DMA phase was extracted 
3 times with 30 ml hcxanc. The hcxane phase was evaporated and the residue chroraatograpbed over 
silica gel 60 (Hexane/EtOAc 20:1 later 9:1) affording 3.5 g (61%) of a colourless liquid J H-NMR 
(300 MHz, CDCU, SiMe*): 7.4 (m, 5H, Ar); 5.15 (s, 2H, Q^Ph); 4.35 (dd, 1H, CSBr); 2.6 (td, 2H, 
OL-COOBzl); 2.5-2.2 (m, 2H, CHBrCiL-CHa), 1.5 ($, 0H, C(C&),). n C-NMR (75 MHZ, CDCI,, 
SiMeO: 172.4 (COOBzl); 168.7 (COOtBu); 136.1 (CHa£(Ar)); 129.0, 128.8, 128.7 <C(Ar)); 83.1 
(£(CH3>3); 67.0 (0-&VAr); 47.1 (HQBr); 32.0 (HCBr-CHj); 30.1 (£H>COOBz0; 28.1 (C(£H 3 )a); 
EI-MS tn/z (intensity): 302, 300 (18, [M-CiH*D; 57 (100, (CA)*). 

9 JVndrt, J. P.; 6.; Fischer, R; SeeJig, A.; Madce, R R.; Merbach, A. A. Chent Eur. 1 1999, J, 
2977-2982 

lO.Geoeral procedure of the raonoalk ylau'on of cyclen: A solution of 870 mg (2.44 mmol) 
a-hromoglutaric acid- l-/m-buty tester- 5 -benzylestcr(3d) in CHClj was added drop wise over a period 
of lh to a solution of 885 mg (4.9 mmol) cyclen in 4ml CHCH, The mixture was stirred for 2 d at 
room temperature and concentrated to a brown oil. The etude product was purified by column 
chromatography (silica gel 60, ethanol/ NH* 95:5), yield 920 mg (83%) of a colourless oil 'H-NMR 
(300 MHz, CDCb, SiM*): 7.35 (m, 5H, Ar); 5.1 (s, 2H, qBrPh); 3,25 (dd. IH, QJBr); 2.9-2.5 (m, 
18H, NCH& CHaCOOBzl); 2.2-1.85 (m, 2ft CHN-QirCHa); L45 (s, 9H, (XCii),): "C-NMR (75 
MHZ, CDCI* SiMe*): L73.1 (COOBzl); 171.5 (COOtBu); 135.8 (CHUKAr)); 128.5, 128.3. 128.2 
<£(Ar)); 81.4 (CCCHjW; 66.2 (0-£ftrAr); 63.5 (H£NCH 3 ); 48.8, 48.0, 46.5, 45.6 (NCffcOfcN); 30.6 
(CH 2 COOBzl); 28,2 (C(£H*) 3 ); 24.5 (HCN-fity; Bl-MS mfc (intensity): 449.3 (56, [KMI}'); 245.8 
(100, fM+ CH 3 CN+2Hr). Synthesis of H 1-carbobenzy tc^-3^br^ \ 0- 

(carboter/butoxymethylHA^ (5d): A suspension of Mg (S.6 mmol) 

bromoacetic acid-tert-butylcster, 1.02 g (2.27 mmol) 1 -( 1 s^bobenzyloxy-3<amof^rtbutoxypropy 1>- 
1^4,7,10-tetraazacyclododecane <4d), and 2.63 g (19.1 mmol) of dry potassium carbonate in 10 ml dry 
aocconitrilo was stirred for 18 h at it and was filtrated aitcrwaids over Celitc and evaporated to 
dryness. The crude product was purified by column chnxnatographie (silica gel 60; CHjClj/EtOH 9:1 
followed by EtOH/NH 3 95:5) yield 1.3 g (73%) of a yellow oil(5d). l H-NMR (300 MHz, CDCI3, 
SiMc^): 7.35 (m, 5H, Ar); 5.1 <s, 2H, CHb-Ph); 3.6-1.9 (m, 27H, CHN, NCH* CffcCOOBd, CHN- 
CHrCHz, QfcCOOC(CHa)j); 1.45 (s, 36H, C(CH,) 3 ); "C-NMR (75 MHZ, CDC1 3 , SiMe<): 174,6 
(COOBzl); 172,9, 172.8, 172.6 (COOtBu); 135.6 (CHa£(Ar)); 128.5, 128.3, 128.2 (C(Ar)); 82.4, 8V8, 
81.8 <C(CHa)»); 66.3 (0-£H r Ar); 55.8, 55,7, 55.4, 52.6, 52.3. 50.3, 48.5, 48.1, 47.1, 44.3 (13Q 
HCNCHi, NEHaCfkN, £H,COOtBu, £H,COOBzt); (NOJCHiCHj); 28.0, 28.0, 27.8, 27.6 
(C(Ql3W; EI-MS m/z (intensity): 813.6 (22, [M+Na]*); 791.6 (38, fM-MH)'); 396.5 (100, IM+2HT) 
Synthesis of D OTAG A{tBu)«(6d): 600 mg (0.76 mmol) 5d was dissolved in methanol, and 30 mg 
PeVC suspended in 1 ml H 2 0 was added lite mixture was hydrogenatcd for 2 d, filtrated over Celitc 
and evaporated to dryness. The crude product was chromatographed on silica gel 60 (EtOH/NHi 95:5) 
to obtain 470 mg (84.6%) of a white solid (6d), l H~NMR (300 MHz. CDCI3, SiMe^): 6.5 (br, 1H, 
COOID; 3.6-2.0 (m, 27H, CHN, NCHj, QfcCOOH, CHN-CHi-CHz. CtttCOOC(CH,),); 1.45 (s, 36H, 
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C(CHj)j), ,4 C'NMR (75 MHZ, CDClj, SiMa,): 175.2 (£00H); 175.0, 172.9, 172.8, 172.6 (COOtBu); 
82.4, 82.1, 81.9 (Q(CH,)j); 55.8, 60.1 (NQHCOOtBu); 55.9, 55.8, 55.6, 52.7, 52.6, 52,5, 48.6, 48.5, 
48.2, 47.1. 44.3 (12C, N£H£H>N. CHjCOOtBu, QijCOOH); 33.4 (NCHQfcCHi); 27.9, 27.8 
«XCWiW; El-MS m/z (intensity): 723.5 (27, JM+NaJ*); 701.5 (68, |M+Hf); 351.4 (100, 
IM+2HJ 0 ). 

5 11 .Data of DOTAGA-CCK-B analogue (DOTAGA-7): Yield: 12.7 tog, HPLC purity >95%. (+) El- 
MS m/z (intensity): 1486.1 (48, IM+HJ 4 ), 743.7 (60, [M+2H]"); (-) El-MS m/z (intensity): 1484.0 
(28, IM+HJ"); 741.8 (90, [M+2HD 

The invention relates also to ttcleouiee for 
radioactive labelling which molecules have the general 
10 formula It _ 
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(I) 



Y 

in which: 

20 both Y groups may be positioned either trans as shown or 

ois; 

A is an effector molecule, such as a peptide, in 
particular octreotide, CCK, substance P, gastrin©, a 
protein, in particular an antibody or enzyme, sugars or 
25 radiosensitizing agents, like doxorubicin/ 

R is a hydrogen, a Cj-Cj alkyl or a alcohol; 

x is a spacer , in particular (CH^-X 1 , in which n is 1-10 
30 and X 1 is COOH, NHg, SH, OB or 0-halogen, in which halogen 
is in particular Br, I or CI 
or a molecule of the formula 



35 NHj-CHj-CH^ or HOOC-CHj-^Hj 

l 2 



CH^COQH 



Y is COO', CH 2 CONH s , GHjCH^OH, 
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It has been found that when using the 
prochelators of the invention for preparing biologically 
active molecules, these molecules have better biological 
properties than molecules prepared with other 
5 (pro) chelators. The advantages for example are a better 
labelling yield according to the following table 2; 




Table Z 





enamt of 

radioectfvo label 


label I f ngef f iei encyof 
OOTAT0C -peptide 


tabeU inefficiency 
of 0OTA3-p#ptIde 
(DOTABA) 

(Invention 1 


9 M of the 
compound to be 

labelled 


5 met 90 r 


99.5X 




10 OCT *°V 


95% 


10OX 


20 nCi 


92% 





In addition, the ©atbility is higher . The reaction of 

15 DOTATOC or M ¥-D0TAGA at 37 - C with the chelator DTFA 

results in ^Y-DPPA. The halflife of this reaction ie 23 
hours for dotatoc and 79 Hours for dotaga. 

Table 3 shows various biological properties of 
the compound of the invention V-D0TA3TOC and Y- 
20 DOTAta.i3TOC- The radioraetal is not shown. 

The figures l and 2 shov synthetic routes for 
compounds of the invention. 




i>- »/ . io^u Arnold «t i>ieusraa-» 
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Biological results of Yttrium labelled Peptides 



Pet 




le I 


IC 50 (hsst2) Tumor Kidney Charge 


0 1 

~OOC 1| 1 U 

|— N rV— | D4>ho^y«-Tyr-I>T<p 

~N N— 1 Thr(aO-ci5-Thr-Ly5 

OOC— M I s — COO" 

Y-DOTATOC: Y^DOTAly^octrootide 


11 ±1.7 13.5 12.3 +1 
adrenal, pancreas low 


0 

i m ^rvDNA— JTkj^— fv*r«^ I 

CD T * r 

71 l\ Tnr— Cys-Thr-Lys 
"OOC—' l— . l >L — coo* s 

Y-DOTATATE: Y-DOTAtyi^octreolflte 


1.6 ±0.4 14.5 8 0 

• 


COOH 

ooc — vi — j T o 

~N Nh — Thr(oO-Cys-Ttir-Lys 

•OOC — ' 1 1 > — COO 

Y-D0TA3T0C: Y-DOTA3tyr 3 octrec*icte 


1.5 ±0.5 30 5& 0 


COOH 

"ooc— v | — 1 T o 

L — N N— 1 Thr— CysHTtir-Lys 
'OOC ' 1 I > COO" 

Y-D0TA3TATE; Y-DOTA3tyr 3 octreotatef 


3tS 13.5 68 -1 
adrenal, pancreas high 


o i 

II _ ' 
"OOC — Vy j — | y — D-Ptw-Cvs-Tyr-tj^Trp 

— ? v — 

ooc — m — n — coo" 

HOOC ' 

Y-DOTAt3TOC: Y-DOTAtSty^octreoMde 


28 + 10 23.5 25.5 0 


COO" 

OOC y 1 J 1 O 

- — N — — ^^"^41 D4>hft-Cys-Tyr-|^Trp 

N ThftofJ-Cys-Thr-Lys 
|j — 'LJ\— coo- 

O 

Y-OOTAta. 1 3TOC Y- OOTAta. 1 SiytWeotide 


0.23 +1 



fable 5 
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CLAIM 



Biologically active molecules for radionetal 
labelling having the general formula I: 
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(I) 



in which: 

both Y groups may be positioned either trans as shown or 
15 ois; 

A is an effector molecule, such as a peptide, in 
particular octreotide, CCK, substance P, gas trine, a 
protein, in particular an antibody or enzyme, sugars or 
radiosensltizing agents, like doxorubicin; 

20 

R. is a hydrogen , a C^Cj alkyl or a alcohol; 

X is a spacer, in particular (CH^-X 1 , in which n is i-io 
and X* is COOH, NH 2 , SH, OK or o-halogan, in which halogen 
25 is in particular Br, I or Cl 

or a molecule of the formula 



ch 2 -cooh 



30 NH^-CHg-CH^ 



CH a -COOH 



or of the formula 



35 



CH„-NH 




CH r WH z 



Y is COO", CH^ONHgj, CHjCHjOH* 





H2N 




NtNO^NaBr 
2NHBr 

48% 




TPTA, Cyctotaum. CHCfr, DMA 
DFjOEt 2 

60% 



0 




Br. Ji 



8 .mXD 



n 

+ I ■ MH HN«— 1 

I 0 \ /=v ' MHHM ' 



CHClj 



14% 



n 



□NM HN 1 
m n- — ' 9 




An; 

• -N N » 



KJE27 



X 



x 



H 2> Pd/C 
CH 3 OH> H 2 0 
75% 



X 



Overall yield: 1.9% 



• N N 

_N N " " $ 

— — \ 

0 KB2S V- 0 " \ 
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